Abstract.-The k i n e t i c equation for a single electron generation (EG) a t low E/P i n turbulent diffuse discharges (TDD) and estimates of c h a r a c t e r i s t i c time intervals f o r various E/P are obtained. TDD' properties e s s e n t i a l f o r plasmachemical and l a s e r applications are discussed.
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Introduction i t i o n s (GPT) under the influence of e l e c t r i c f i e l d
Recent study of diffuse discharges i n the E (xO, yo, zO, t ) during a short residence time hydrodynamically turbulized gas speedily passing AT W La/v of the gas moving through the d i sthrcugh the region with a high e l e c t r i c f i e l d charge zone with t h e mean velocity v , where strength E has shown t h a t the turbulence causes ro = IxO? yo, zO1 are coordinates i n the unmoved deep changes of properties and parameters of the coordinate system. The behaviour of the moving discharge and leads t o large obsenrable e f f e c t s gas affected by E during i s similar t o t h a t such as: Ci) A-sharp increase of power consumption
Of the ~nmoved gas affected by a short-term pulse W and e l e c t r i c current I a t prearcing mode up t o of the e l e c t r i c W e s h a l l consider t h i s Turbulent diffuse discharges (TDD) a r e of substanti a l i n t e r e s t due t o t h e i r possible applications t o plasma chemistry,to turbulent gas discharge l a s e r s (TGDLs), e t c . l y 2 . Howqver, the TDD k i n e t i c s has been studied very l i t t l e . In t h i s paper we s h a l l consid& the k i n e t i c aspects and a non-stationary stochastic model of unionized gas-to-plasma transphenomena whose study is f a r from being accbm- A. M 10 S . The gas entering the discharge has very low i n i t i a l electron concentration nfO) = aCO) *N associated with very small i n i t i a l degree of gas ionization a(') 10-12 t o 10-l3 caused by cosmik rays, by natural radioactivity, e t c . This Therefore the time-dependent Debye radius
rapidly decreases from the i n i t i a l value Or0) U P t o pLg) where r ( t ) i s the mean electron energy a t t determined by
f ( e.E. h
where
, omax i s the maximum t o t a l e f f e c t i v e cross-section within the considered electron energy i n t e r v a l , e.g., within i n t e r v a l [O,WO] with WO being t h e threshold energy s u f f i c i e n t t o s t a r t ionizations of gas p a r t i c l e s with ionization potential W. The e f f e c t i v e t o t a l electron cross-section and t h e mean f r e e path length a r e given by
( 9 1 o (E) i s t h e t o t a l cross-section of e l e c t r o n B c o l l i s i o n s with p a r t i c l e s of type B, t h a t includes t h a t of e l a s t i c , ageL, ionizing, a . and e x c i t i n g 
V/cm t o r r . Consider now a s t o c h a s t i c model of
t h e GTP and r e l a t e d phenomena, following t h e approach suggested i n r e f . 3 .
The low E/P approximation Condition (6) means t h a t every low energy e l e c t r o n (e.g., t h e i n i t i a l one o r t h e one t h a t has l o s t i t s energy during an i o n i z a t i o n c o l l i s i o n )
with energy E << WO a t to s u f f e r s a s amny as 0 unionizing c o l l i s i o n s with gas p a r t i c l e s during 
E G s can be estimated hy
where ( K -l ) i s t h e average number of secondary e l e c t r o n s formed by one e l e c t r o n of a s i n g l e EG N during A0, i n many cases K FJ 2. The energy d i s t r i b u t i o n f (~, t ) of a s i n g l e E G i s where G ( E ,~ l eO, t o ) i s t h e conditional p r o b a b i l i t y of t h e e l e c t r o n t r a n s i t i o n from t h e s t a t e with energy E a t to i n t o t h e one with E a t t . G 
( l ) ) . Equation (20) takes t h e p a r t of t h e k i n e t i c equation of a s i n g l e EG a t low E/P. As i s well-known t h i s equation
Equations (12) - (22) allow various conclusions and estimates; among them a r e t h e following:
( i ) Systematic d r i f t of E towards higher values is determined by depending on t h e g a s nature, E, e t c . , and # 0 i f E/P is not too small.
( i i ) Values a AT and eCg) proportional t o A-' a r e n o t too l a r g e iihen A and E/P a r e n o t t o o low; ( i i i ) n(g) and @) a r e exponential functions of time :
,(g' = n ( 0 ) e x p ( e ( g ) . h K / A~)
where A; depends on parameters o f t h e process.
(iv) Rate c o e f f i c i e n t s of i o n i z a t i o n s , e x c i t a t i o n s , r e a c t i o n s , r a d i a t i o n , e t c . , induced by e l e c t r o n impacts with cross-sections uR(€) a t moment t M @(g) a r e (v)
The GPT time @(g) can be estimated from (3) and (24) i n t h e form " ,.. 
-1
g r e a t e r t h a n A. and can even approach Ara i f E/P is r a t h e r low. For i n s t a n c e a t P 760 ,., T m 3 . 1 0 -l~ S, 2. A t moderate and high E/P associated with conditions (7) and (8) a r e much s h o r t e r than t h o s e a t e low E/P and than A; ' and AT.
In t h i s case c a l c u l a t i o n s of f (~, t ) d i f f e r from those a t low E/P and r e q u i r e a s p e c i a l consideration, :but AZ and @(g) can be e a s i l y estimated from Eq. C28). removed from t h e pins (e.g. , Er W 1-5 kV/cm and E W 1.3-6.6 V/cm t o r r ) . Only p a r t of t h e gas entering t h e discharge volume pass through t h e corona region and is a f f e c t e d by f i e l d Ea. However, i n t e n s i v e i o n i z a t i o n s and e x c i t a t i o n s i n t h i s p a r t of gas produce e l e c t r o n s , ions and promote i n t e n s i v e r a d i a t i o n which can form photoelectrons and ions i n regions f a r removed from t h e p i n s (e.g., i n simple gases A r , H He, e t c . ) .
2'
Turbulent p u s l a t i o n s d i r e c t l y involving ions and a f f e c t i n g e l e c t r o n s through Coulomb coupling:
( i ) Affect much formation of t h e space d i s -
charge1". ( i i ) Spread charged p a r t i c l e s over t h e discharge zone and i n c r e a s e sharply c r o s s s e c t i o n Sc of conducting channall and t h e volume V a
Sa.La of t h e corona zone with r e l a t i v e l y high e l e c t r o n concentration n and E, not t o o l a r g e , but s u f f i c i e n t f o r e x c i t a t i o n s of n o t very high l e v e l s , f o r pumping, f o r i n i t i a t i o n s of plasma chemical r e a c t i o n s , e t c . ; t h i s volume can be enlarged by overlapping of such zones formed by neighbouring ( i i i ) Prevent from streamer formation and from breakdowns of t h e discharge a t r e l a t i v e l y high c u r r e n t s I and power i n p u t w .~" ( i v ) Lead t o much higher smoothness of t h e d i scharge i n time and space, and causes a s i g n i f i c a n t i n c r e a s e of e f f e c t i v e l y working e l e c t r o n a r e a --Et = n ss associated with t h e corresponding P P growing up of t h e number, ; i of. simultaneously P -working p i n s and of working a r e a s s p e r p i n . 1 P (v) Promote b e t t e r cooling of e l e c t r o d e s ( i f they a r e heated) and lower heating o f t h e g a s passing through t h e discharge z o n e . l y 2 The aforementioned p r o p e r t i e s can be used f o r i n i t i a t i o n of plasma chemical r e a c t i o n s and f o r pumping of t u r b u l e n t g a s discharge l a s e r s (TGDLts) i n r e l a t i v e l y l a r g e a c t i v e volumes .' A s i m i l a r approach with some modifications can be applied t o transverse TCs.
Note t h a t t h e k i n e t i c s of phenomena i n neare l e c t r o d e plasma l a y e r s (PLs) i n hydrodynamically t u r b u l e n t gas, caused by t h e secondary electxode emission, can be considered through t h e correspondingly modified approach used i n r e f . 21 f o r t h e treatment of processes i n PLs i n laminar flows.
Summarizing a l l t h e a f o r e s a i d one can make t h e following conclusions.
1. A gas p o r t i o n e n t e r i n g t h e discharge volume i s a f f e c t e d by t h e non-uniform time-dependent f i e l d E c r ,~) during a s h o r t time where r = {x,y,z) a r e t h e space coordinates i n t h e moving coordinate system accompanying t h e gas flow. This f i e l d can be a random function of time T due t o random t u r u l e n t p u l s a t i o n s even i n t h e case when E(ro) does not depend on time.
2. A p a r t of t h i s gas is a f f e c t e d by t h e strong e l e c t r i c f i e l d E n e a r t h e p i n electrodes, associated with high E/N, e.g., E/N fir 10-l4 t o -10-15 v*cm2 a t N m 3 . 1 0~~ cm-3 and E (3 t o 1) *lo5 V/cm. I n t h e s e short-term conditions t h e highly non-equilibrium and non-stationary e l e c t r o n energy d i s t r i b u t i o n f (~, t ) (which can be a l s o anisotropic) tttunetf i n t o e l e c t r o n i c e g c i ta t i o n s and i o n i z a t i o n s of gas p a r t i c l e s . For example, i n He/N2/C02 mixture with t h e molar r a t i o 3/2/1 t h e l a r g e r and l a r g e r amounts of power go i n t o t h e ionizing process, beyond E/N of about 2 * 1 0 -~~~-c m~.~~ I n t e n s i v e avalanche forma t i o n , t h e CPT, e l e c t r o n i c e x c i t a t i o n s and r a d i a t i o n take p l a c e i n t h i s p a r t of t h e discharge which serves as t h e i n t e r n a l i o n i z e r promoting t h e discharge a l s o i n p a r t s of i t s volume more removed from t h e e l e c t r o d e pins. Therefore, t h e t u r b u l e n t coronas can work without any e x t e r n a l i o n i z e r waves and f l u c t u a t i o n i n t h e newly formed plasma.
( e l e c t r o n i c beam, e t c . ) Our knowledge on t h i s f i e l d is very poor and t h i s
The discharge volme vR n o t t o o close to t h e ~"ble"' d e s e~e s t o b e s t u d i e d i n d e t a i l .
e l e c t r o d e pins, enriched by e l e c t r o n s having n o t 6. W e t h i n k t h a t a s p e c i a l a t t e n t i o n should be t o o high energy, can be used f o r pumping of l a s i n g paid t o t h e problem of t h e non-stationary nonl e v e l s and as a plasma chemical r e a c t o r . For low equilibrium e l e c t r o n energy d i s t r i b u t i o n s a t high E/P t h e r a t e c o e f f i c i e n t s of t h e s e processes can E/P, when c h a r a c t e r i s t i c GPT time i n t e r v a l s a r e be presented i n the form, using Eqs. C22) and (25).
where K can depend on space coordinate and t a l s o through n, A and B. Therefore, such a discharge with volumetric temperature and discharge s t a b i l i t y c o n t r o l , w i t h not small power i n p u t W and c u r r e n t I and with t h e r e l a t i v e l y high a c t i v e volume VR can be considered a s a s c a l a b l e device r e l y i n g n e i t h e r on w a l l s n o r low pressures f o r operation. I n p a r t i c u l a r , f o r t h e aforementioned mixture H IN^ / C O~ a t E/N of about 10-l6 V cm2
more energy e n t e r s t h e upper l a s e r s t a t e s than t h e lower, and inversions a r e p o s s i b l e . 22
4. The problem of t h e q u a l i t y and o p t i c a l homog e n e i t y of t h e l a s e r medium i n t h e TDDs a r i s e s i n connection with t u r b u l e n t p u l s a t i o n s . This problem should be c a r e f u l l y elaborated. However, one can expect t h a t f i n e -s c a l e turbulence with small A0 and high Q0 and Re/Re* should be l e s s severe than l a r g e -s c a l e . Therefore, it can be expected t h a t t h e i n c r e a s e of Re/Re* can promote n o t only t h e higher t r a n s p o r t c o e f f i c i e n t s , power i n p u t s W and c u r r e n t s I b u t a l s o a higher degrpe of o p t i c a l homogenepty of t h e l a s e r medium.
. The r a p i d CPTs i n t h e hydrqdynemically
t u r b u l i z e d gas lead t o t h e problem o f i n t e r a c t i o n s of t h e hydrodynamic t u r b u l e n t p u l s a t i o n s with small and formation of high-energy runaway e l e c t r o n s i s r a t h e r probable. These e l e c t r o n s can have an a n i s o t r o p i c non-stationary d i s t r i b u t i o n function and t h e conventional approaches t o i t s c a l c u l a t i o n a r e not very v a l i d .
The sharp increase of power input and of t h e t r a n s p o r t c o e f f i c i e n t s and o t h e r r e l a t e d phenomena described i n r e f . 1-3 and i n t h i s paper seems t o show some i n t e r e s t
i n g p o s s i b i l i t i e s f o r a p p l i c a tions of t h e TDDs and demonstrate t h e very multid i s c i p l i n a r y c h a r a c t e r of t h i s f i e l d . W e a r e
hopeful t h a t t h e development of t h e TDD probl&n presented i n t h i s paper w i l l s t i m u l a t e f u r t h e r i n v e s t i g a t i o n of t h e non-stationary non-equilibrium k i n e t i c s of t h e TDDs.
